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(57). Water-repellent porous silica having uniform 
pores, which comprises silka skeleton wherein fluorine 
atoms are fixed through covalent bonds and which has 
an alkali metal content of not more than 1 0 ppb, is. syn- 
thesized. By the water-rep* He nt porous silica, a water- 



repellent porous silica film having uniform pores, which 
is applicable to a light functional material or an electron 
functional material, a process for preparing the samo 
and uses thereof can be provided. 
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Description 
TECHNICAL FIELD 



[0001] The present invemion relates to water-repel- 
lent porous silica having uniform mesopores, that is ap- 
plicable to catalyst carrier, adsorbent, light functional 
material, electron functional material and the like, a 
process for preparing the water-repellent porous silica, 
and uses of the water-rep el Jent porous silica. 

BACKGROUND ART 

[0002] Porous inorganic compounds having uniform 
mesopores have Jarger poritsthan conventional oxides 
such as 2eolile, and applies non of those compounds to 
catalyst carrier, separation adsorbent, fuel battery and 
sensor has been studied. 

[0003] As for a process Tor preparing such an oxide 
having uniform mesopores, ; ■ process utilizing control of 
the structure of an inorganic material by the use of an 
organic compound has been paid attention because an 
oxide of novel shape and stt ucture can be obtained. In 
particular, an oxide having uniform mesopores, that is 
synthesized by utilizing self organization of an organic 
compound and an inorganic compound, is known to 
have s larger pore volume >md a larger surface area 
than conventional oxides surrh as zeolite. 
[0D04] As a process for pref laring an oxide having uni- 
form pores utilizing self organization of an organic com- 
pound and an inorganic compound, a process compris- 
ing subjecting a silica gel ana a surface active agent to 
hydrothermal synthesis ree«?tion in a heat-resistant 
closed vessel to prepare sucn an oxide is described in, 
for example, WO91/11390. In Bull. Chem. Soc. Jp., Vol. 
63, p. 988 (1990), a process comprising subjecting 
kanemlte that Is a kind of a layered silicate and a surface 
active agent to ion exchange to prepare such an oxide 
is described. 

[0005] On the other hand, ihe oxide having uniform 
mesopores has a defect that trie oxide is liable to adsorb 
moisture because of its large pore volume and surface 
area. That is to say, the oxide having un form mesopores 
prepared as described above has a large pore volume 
and contains a great number of hydroxy! groups present 
on the pore surfaces, Thereiore, the oxide has high 
moislure adsorption properties and ihe structure of the 
oxide Is changed by the adsorbed water or the periodic 
structure of the pores is disiniagrated. 
[0006] Many patents to improve the moisture adsorp- 
tion properties have been applied so far. For example, 
it Is described in Japanese P:tfont Laid-open Publica- 
tion No. 14413/1981 that an urganosillcon halide com- 
pound as a starling material is .-.Mowed to react with Si0 2 
in an organic solvent to develop water repellency. In this 
case, the organic group fmpHrts water repellency to 
SiD 2 . 

[0007] Surface treatments oi sllJca and a silica gel are 
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described In various publications. In Japanese Patent 
Lald-Open Publication No, 1B1 71 5/1 983, treatment with 
an organosilane halide and water vapor is described; In 
Japanese Patent Lald-Open Publication No. 
s 295226/1986, treatment with silicone or the like is de- 
scribed; in Japanese Patent Laid-Open Publication No. 
59415/1 990, bonding to a hydrophobic organic group is 
described; in Japanese Patent Laid-Open Publication 
No. 107502/1990, treatment with a fluorinatlng agent in 
to the presence of water is described; in Japanese Patent 
Laid-Open Publication No. 196342/1995. treatment by 
immersion of a substrate in a solution obtained by add- 
ing NH^F to a water-based solution of alkoxysilane is 
described; and in Japanese Patent Laid-Open Publica- 
ns tions No, 157643/1996, No. 242717/1997, No. 
25427/1993 and No. 140047/1998, treatment of an in- 
organic oxide with a fluorine-containing organosllicon 
compound as a surface treating agent is described. All 
of these methods have Improved moisiure adsorption 
so properties of silica. 

[0008] Further, in EP0799791 , treatment with a sili- 
cone oil having an epoxy group or with an amine com- 
pound having an amino group is described; in Chinese 
Patont No. 1 ,072,654, treatment using amine or pyrro- 
ls lidone fs described; and In U.S. Patent No. 4,1B4,S09, 
sulfonic acid treatment is described. Moreover, in Jap- 
anese Patent Laid-Open Publication No. 92621/1994, 
treatment comprising hydrolyzrng tetraethoxysilane and 
coating a substrate with the hydrolysis solution is de- 
30 scribed; in U.S. Patent No. 4,5S9,B33. treatment bycon- 
tact with SiF 4 to improve water repellency is described; 
and in U.S. Patent No. 4,054,689. treatment by contact 
with a HF gas to Improve water repellency Is described. 
[0009] The above methods, however, are all surface 
35 treatments of silica, and it is difficult to homogeneously 
treating inside surfaces of pores of the porous silica. In 
addition, they are not satisfactory as methods to im- 
prove moisture adsorption properties of the porous ma- 
terials from the viewpoint of application of the resulting 
40 silica to light functional materials or electron functional 
materials, because there are disadvantages such that 
the treatment In water disintegrates the pore structure, 
the treatment with an organic material resufts in lowheat 
resistance, and the F treatment by the contact with a 
45 gas results In only a temporary effect. 

[0010] In Materials Letters 42 (2000), pp. 1 02-1 07, a 
process Tor preparing water-repellent porous silica hav- 
ing uniform pores, comprising dropwise adding a HF so- 
lution to a caustic soda solution of silica and performing 
so hydrothermal synthesis is described, Ffcm the porous 
silica prepared by this process, however, any fflmcannot 
be formed, in addition, Na remaining in silica hinders 
application of the silica to a light functional material or 
an electron functional material. 
55 [0011] On the other hand, films comprising oxides 
having uniform mesopores have been proposed recent- 
ly, and application of those films to light functional ma- 
terials or electron functional materials has been highly 
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expected. For example, in Naturo, Vol. 379, p. 703 
(1996), a process comprising placing a mica board In a 
solution essentially consisting of tetraalkoxysilane and 
a surface active agent to form a film on a surface of the 
mica is described; in Natw* t Vol, 381 , p. 569 (1 996), a s 
process for forming a film «»n a liquid feve! of a solution 
essentially consisting of teiiaalkoxysilane anda surface 
active agent is described; rind in Science, Vol, 273, p. 
768 (1996), a process for forming a film on an interface 
between an oil layer containing tetraalkoxysilane and a 10 
water layer containing a surface active agent is de- 
scribed. These processes, however, industrially have a 
problem that a long period of time is necessary for the 
formation of a film and a l/»rge amount of a powder is 
produced as a by-product together with the film. is 
[0012] In Japanese Patent Laid-open Publication No. 
1 94298/1 997, a process comprising coating a substrate 
with a solution essentially consisting or tetraalfcoxysl- 
lane and a surface active agent lo form a film having 
pores regularly disposed Is disclosed. In WO99/37705, so 
a process forformlng a film, which comprises converting 
a surface active agent into <m amphiphatic block copol- 
ymer to make pores large, disclosed. These process- 
cs aro industrially useful because films aro produced for 
a short period of time. In the- resulting porous films hav- ss 
ing uniform pores, however, gradual variation of the 
structure or disintegration of the periodic structure of 
pores takes place because ■ >r the aforesaid moisture ad- 
sorption properties, and thoreby the conductivity be- 
comes high. Thus, tnese porous films have a problem so 
when they are applied to light functional materials or 
electron functional material. 

[0013] Accordingly, development a highly water-re- 
pellent film having uniform pores has been eagerly de- 
sired. ^ * 35 

DISCLOSURE OF THE INVENTION 

[0014] It is an object of thu present invention to pro- 
vide water-repellent porous silica having uniform pores, 40 
that is applicable to a light functional material or an elec- 
tron functional material, anu lo provide a silica film, a 
precursor solution for forming the silica, a process for 
preparing the silica and user, of the silica. 
[0015] As a result of earnest studies to achieve the ** 
above-mentioned object, the present invention has 
been accomplished. 

[0016] The water-repelleni porous silica according to 
the present Invention is water-repellent porous silica 
having uniform pores, which comprises silica skeleton so 
wherein fluorine atoms are fixed through covalent bonds 
and -which has an alkali met *i content of not more than 
1 0 ppb. 

10017] The fluorine content in the silica skeleton is 
preferably in the range Df 0,,'i to 15.0 % by weight. 55 
[0018] it is preferablethatthemean pore size of pores 
of the porous silica is in the »ange of 1 .3 to 10 nm and 
the porous silica has a periodic crystal structure Df hex- 



agonal system when examined by X-ray dtffractometry. 
[0019] It is also preferable that the mean pore size Is 
in the range of 1 ,3 to 10 nm and the porous silica has a 
crystal structure of irregular arrangement. 
[0020] The process of the present invention for pre- 
paring the water-repellent porous silica having uniform 
pores, said silica comprising silica skeleton wherein flu- 
orine atoms are fixed through covalent bonds, compris- 
es the steps of partially hydrolyzing a fluorine-containing 
trialkoxysilane represented by the following formula and 
a tetraalkoxysilane under acidic condition, then drying 
a solution resulting from the hydrolysis and mixed with 
a surface active agent, and removing the surface active 
agent or extraction; 

(ZO) 3 SiR 

wherein Z is melhyl, elhyl, n-propyi, i-propyl, n-bulyl, L- 
butyl, i-butyl or eec-butyl t and R Is a fluorine atom, 
(CH 2 ) a (CF 2 ) ei (0{CF 2 ) c ) rf X (X is a fluorine atom, OCF 3 , 
OCF (CF 3 ) 2 , OC(CFg) a , an alky! group or a phenyl group, 
a is a number of 0 to 3, b is a number of O to 3, c is a 
numbor of 1 to 3, and d Is a numbor of O to 3) or 
c s H e F (5-c) ( e * s a number of Oto 4). 
[0021 ] When the desired water-repellent porous silica 
Is a powder, the solution can be dried by spray drying. 
[0022] The fluorine-containing trialkoxysHane is pref- 
erably triethoxyfluorosilane. 

[0023] The tetraalkoxysilane is preferably tetraethox- 
ysilane. 

[0024] The molar ratio of the fluorine-containing tri- 
alkoxysilane to the tetraalkoxysilane is -preferably in the 
range of 0.01 to 1.2. 

[0025] The number of moles of the surface active 
agent is preferably in the range of 0.003 to 1 time the 
sum of the numbers of moles of the fluorine-containing 
trialkoxysilane and the tetraalkoxysilane. 
[0026] The surface active agent Is preferably an alky- 
lammonlum salt represented by the following formula: 



wherein n is an Integer of 8 to 24, and X is a hallde ion, 
HS0 4 - or an organic anion. 

[0027] The surface active agent is also preferably a 
compound having a polyalkylene oxide structure. 
[0028] The film according to the present invention is 
a film comprising the water-repellent porous silica. 
[0029] The thickness of tho water-repellent porous sil- 
ica film Is preferably In the range of 0,01 um to 2.0 mm. 
[003OJ The water-repellent porous silica film can be 
used as a layer insulation film. 
[0031] The precursor solution according to the 
present invention is a precursor solution for forming the 
water-repellent porous silica. 

[0032] The precursor solution for forming the water- 
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repellent porous silica Is obiained by partially hydroly7- 
ing a fluorine-containing trinlkoxysilane represented by 
the following formula and a tetraalkoxysilane under 
acidic condition and then mixing the resuming hydrolysis 
solution with a surface active? agent: 

(20)jS!R 



wherein Z is methyl, ethyl, n propyl, j-propyl, n-butyl, t- 10 
butyl, hbutyl or sec-butyl, .wd R Is a fluorine atom, 
(CH2) a {CF 2 ) b (0(CF 2 ) c ) d X (X is a fluorine atom, OCF 3 , 
OCF(CF 3 )2, OC(CF 3 ) 3 , an alky! group or a phenyl group, 
a is a number of 0 to 3. b fe a number of 0 to 3, c is a 
number of 1 to 3, and d Is a number of 0 to 3) or is 
C 6 H e F (5 . e) (e is a number ol 0 to 4). 
[0033] in the precursor solution for ihe forming water- 
repellent porous silica, the molar ratio or the fluorine- 
containing trialkoxysilane u> ihe lelraalkoxysilane is 
preferably In the range of 0.01 to 1 ,2. 20 
[0034] in the precursor solution forforming the water- 
repellent porous silica, the n amber of moles of the sur- 
face active agent Is preferably in the range of 0.003 to 
1 time the sum of the number of molos of the fluorine- 
containing trialkoxysilane and the tetraalkoxysilane. *s 
[0035] The surface active -gent used for the precur- 
sor solution for forming the w.-tter-repellent porous silica 
is preferably an alkylammonium salt represented by the 
following formula: 



wherein n is an integer of 8 tu 24, and X is a halide ion, 
HS0 4 - or an organic anion. 

[0036] The surface active i igent used for the precur- 
sor solution for forming the waier-repeltent porous silica 
is also preferably a compouno having a polyelkytene ox- 
ide structure. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0037] The present invention is described in detail 
hereinafter. 

[0036] For preparing water-repellent porous sifica 
having uniform pores, which comprises silica skeleton 
wherein fluorine atoms are fixed through covaJent 
bonds, hydrolysis reaction ol a fluorine-containing tri- 
alkoxysilane with a tetraalkoxysilane Is carried out first. 
[0039] Through the hydrolysis reaction, the fluorine- 
containing tria/koxysilano and iho tetraalkoxysilano arc 
co-condensed, and fluorine al nms to develop water re- 
pellency are highly dispersed s,nd fixed in the copolymer 
which becomes a body of a silica film. 
[0040] The hydrolysis is desired to be carried out In 
the pH range of 7 to 4. As the pH adjusting agent, any 
acid Is employable, and examples thereof include hy- 
drochloric acid, hydrobromic acid, nitric acid and sulfuric 



30 
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40 
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SO 



acid. 

[0041] Examples of the fluorine-containing trialkox- 
ysilanes include trimethoxyfluorosilane, triethoxyfluor- 
osilane. triisopropoxyfluorosilane and tributoxyfluorosi- 
lane. In particular, use of triethoxyfluorosiiane is prefer- 
able. The fluorine-containing triaikoxysiianes can be 
used singly or in combination of two or more kinds. 
[0042] Examples of the tetraalkoxysi lanes include te- 
tramethoxysilane, tetraethoxysiiane, tetraisopropoxysl- 
lane andtetrabutylsilane. In particular, use of tetraethox- 
ysiiane is preferable. 

[0043] The hydrolysis Is carried out by adding a pH 
adjusting agent and water to the fluorine-containing tri- 
alkoxysilane and the tetraalkoxysilane. The amount of 
water added is in the range of preferably 0.5 to 20 mol 
based on 1 mol of the alkoxysilane, and the hydrolysis 
is desirably conducted at room temperature for several 
minutes to 5 hours. ■*.: 
[0044] The hydrolysis may be conducted In the pres- 
ence of a solvent. Examples of the solvents employable 
include primary alcohols, such as methanol, ethanol and 
1-propanol; secondary alcohols, such as 2-propanol 
and 2-butanof; tertiary alcohols, such as tertiary butyl 
alcohol; acotono; and acctonrtrilo. The solvents can be 
used singly or in combination of two or more kinds. 
[0045] By changing the molar ratio of the fluorine-con- 
taining trialkoxysilane to. Ihe tetraalkoxysilane, the 
amounts of the fluorine atoms capable of being fixed in 
th© silica skeleton can be changed. The fluorine content 
In the silica skeleton can be measured by elemental 
analysis. The fluorine content in the silica skeleton is in 
the range of preferably 0.3 to 15.0 % by weight, more 
preferably 0.3 to 1 0.0 % by weight, particularly prefera- 
bly 0.S to 7.0 % by weight. 

[0046] The crystal structure can be confirmed by X- 
ray diffraetometry. In order to obtain water-repellent po- 
rous silica having a hexagonaf periodic crystal structure 
and having pores of uniform si2es, the molar ratio of the 
fluorine-containing trialkoxysilane to the tetraaJkoxysi- 
lane is In the range of preferably 0.01 to 1 .2, more pref- 
erably 0.01 to 0.5, particularly preferably 0.05 to 0.3. If 
the molar ratio is less than the lower limit of the above 
range, the effect of water repellency cannot be obtained, 
if the molar ratio is more than ihe upper limit of the above 
range, the pore sizes become ununfform and a hexag- 
onal periodic crystal structure cannot be formed occa- 
sionally. Even jr the molar ratio is in the above range, a 
periodic crystal structure having microscopically hexag- 
onal system formed by variation of the arrangement at 
short Intervals but having no distinguishable peak found 
by X-ray diffraetometry, namefy, acryetal structure of so- 
called irregular arrangement is obtainod depending up- 
on the proparation'conditions. Even in this case, how- 
over, the resulting silica has uniform pores having equal 

S12GS. 

[0047] The alkali metal present in the silica, even in a 
slight amount, hinders application of the silica to an elec- 
tron functional material, so thai the amount of the alkali 



PAGE 7/53 * RCVD AT 1/24/2006 11:02:44 AM [Eastern Standard Time] ' SVR:USPTO-EFXRF-6/31 * DNIS:2738300 * CSID:4048817777 * DURATION ^nm-ss):15-24 



Jan-24-2006 11:06am Frcm-ALSTON AND BIRD 



4048817777 



T-842 P. 008 



F-641 



BP 1 205 438 A1 



B 



metal contained in the silk a is desired to be as small as 
possible. More specifically, the content of the alkali met- 
al in the water-repellent porous silica Is preferably not 
more than 10 ppb. The influence of the alkali metal can 
be generally judged by measuring electrical properties 
of a film or the like produced from the silica. 
[0048] After the hydrolysis reaction of the fluorine- 
containing trialkoxysilane with the tetraalkoxysilane, a 
surface active agent Is adrjod, and the mixture is stirred 
for preferably several mlnuies to 5 hours, whereby a pre- 
cursor solution for forming water-repellent porous silica 
can be obtained. 

[0049] It is desirable to use a compound having a 
long-chain alky! group anil a hydrophilic group as the 
surface active agent The l^ng-chain alkyl group is pref- 
erably one having B to 24 carbon atoms. Examples of 
the hydrophilic groups Include a quaternary ammonium 
salt, an amino group, a nitioso group, a hydroxyl group 
and a carboxyi group. Specifically, it is preferable lo use 
analkylammonium salt repiusentedby the following for- 
mula: 



C n H 2 n + lN{CH 3 ) 3 X 

wherein n is an Integer of 8 10 24, and X is a haJWe ion, 
HSCV or an organic anion. 

[O05O] By changing the molar ratio between the sur- 
face active agent added an J the alkoxysllflne, the crys- 
tal structure of the resulting water-repellent porous silica 
can be controlled. 

[0051] When the surface ;*ctive agent is an alkylam- 
monium salt, the number of moles of the surface active 
agent is in the range of preiurably 0.03 to 1 time, more 
preferably 0.05 to 0.2 time, ihe sum of the numbers of 
moles of the fluorine-containing trialkoxysilane and the 
tetraalkoxysilane. If the amount of the surface active 
agent is smaller than the above amount, extra silica in- 
capable of contributing to self organization Is present 
and the porosity is markedly lowered. If the amount of 
the surface active agent is larger than the above 
amount, a hexagonal periodic crystal structure having 
uniform pores cannot be formed, resulting in disadvan- 
tages such as disintegration of the structure during the 
calcining. 

[0052] As the surface active agent, a compound hav- 
ing a polyalkylene oxide structure is also employable. 
Examples of the polyalkyier.a oxide structures include 
polyethylene oxide structure, polypropylene oxide struc- 
ture, polytetramethylene oxide structure and polybuty- 
lene oxide structure. Examples of euch compounds in- 
clude other type compounds, such as poiyoxyothylene/ 
polyoxypropylene block copolymer, poiyoxyothylene 
polyoxypropylene aJkyl other polyethylene alkyl ether 
and polyoxyethylena alkyl phonyl ether and ether ester 
type compounds, such as poiyoxyothylene glycerine fat- 
ty acid ester, pofyoxyethylenr: sorbiran fatty acjd ester, 
polyethylene sorbitol fatty acid ester, sortoitan fatty acid 



Beter, propylene glycol fatty acid ester and sucrose fatty 
acid ester. 

[0053] When the surface active agent is a compound 
having a polyalkylene oxide structure, the number of 
5 moles of the surface active agent is in the range of pref- 
erably 0.003 to 0.05 time, more preferably 0.005 to 0.03 
time, The sum of the numbers of moles of the fluorine- 
containing trialkoxysilane and the tetraalkoxysilane. If 
the amount of the surface active agent Is smaller than 
to the above amount, extra silica Incapable of contributing 
to self organization is present and the porosity is mark- 
edly lowered occasionally. If the amount of the surface 
active agent is larger than the above amount, a hexag- 
onal periodic crystal structure having uniform pores can- 
is not be formed, resulting in disadvantages such as dis- 
integration of the structure during the removal of thesur- 
face active agent. 

[0054] The surface active agent may be added In the 
form of a solid or a solution obtained by dissolving the 
so surface active agent in a solvent or a hydrolysis solution 
of alkoxysilane. 
[0055] The precursor solution obtained by the addi- 
tion of the surface active agent Is dried, and then the 
surface active agent is removed by calcining or extrac- 
ts tlon, whereby water-repellent porous sifiea can be ob- 
tained. 

[0056] With the precursor solution, a substrate is coat- 
ed, and the solution is dried. Then, the surface active 
agent is removed by calcining or extraction, whereby a 
water-repellent porous silica film can be obtained. 
[0057] The drying conditions are not specifically re- 
stricted, and any condition is available as far as the sol- 
vent can be evaporated. When the desired water-repel- 
lent porous silica is a powder, the solution is preferably 
3S dried by spray drying. 

[0058] Likewise, the calcining conditions are not spe- 
cifically restricted, and any temperature is available as 
far as the surface active agent can be removed al that 
temperature. The calcining may be carried out in the at- 
40 mosphere or Inert gas, or in vacuo. 

[0059] The porous silica obtained as above is appli- 
cable to a catalyst earner or a filler. 
[D06D] The porous silica film obtained as above ex- 
hibits high water repellency and high transparency even 
is when it is In a self-supporting state or It is bonded to a 
substrate, and hence the film is applicable to a light func- 
tional malerfai or an electron functional material, such 
as layer insulation film, electron recording medium, 
transparent conductive film, solid electrolyte, light wave- 
so guiding channel or color member for LCD. Particularly, 
the layer Insulation Trim needs to have strength, heat re- 
sistance and low dioloctrfc constant (high porosrty), and 
the water-repellent porous silica film having such uni- 
form pores is promising. 
55 [0051] The term "water repeliency" used herein 
means such a state that even rf operations consisting of 
sufficiently exposing porous silica in the form of a film 
or a powder to a nitrogen atmosphere at a temperature 
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of 25*C and a relative humidity cf 9D % and then putting 
it back in a dry nitrogen atmosphere are repeated, the 
porous silica is substantially free from weight change or 
structure disintegration due- to water adsorption. There- 
fore, small change in weiflirt due to water adsorption 
means high water repellency, and hence the weight 
change is preferably as sniall as possible, particularly 
preferably not more than 3 % by weight. 
[0062] As the substrate on which a film of the water- 
repellent porous silica is formed, any material that is 
generally used is ernploy&ole. Examples of ttie sub- 
strates include glass, quart;, silicon wafer and stainless 
steel. The substrate may have any shape such as a 
shape of plate or dish. 

[0063] Examples of methods for coating the substrate 
Include general ones such sir. spin coating, cast coating 
and dip coating. In case of si >ln coating, the substrate is 
placed on a spinner, then h sample is dropped on the 
substrate, and the substrate- is rotated at 500 to 10000 
rpm, wh&reby a water-repel lent silica film having a uni- 
form thickness can be obtained. 

EXAMPLE 

[0064] The present invention is further described with 
reference to the following examples. 



Moisture adsorption test 

[0065] In the examples, the moisture adsorption test 
was carried out jn the following manner 
[0066] Rrst, a specimen was calcined at 400°C and 
then allowed to stand still in h stream of dry nitrogen at 
room temperature until a constant weight was reached. 
Next, the specimen was allowed to stand still in a nitro- 
gen atmosphere for 1 0 minuif?s at a relative humidity of 
90 %. Then, the specimen Wris put back in a stream of 
dry nitrogen again and allowed to stand sill until a con- 
stant weight was reached. Tnese operations were re- 
peated 20 times, and when a constant weight was 
reached in the stream of dry nitrogen, the weight was 
measured. A difference between the measured weight 
and the Initial weight was calculated to determine weight 
change. 

[0067] Increase In the weight of the specimen In this 
moisture adsorption test means increase In the ad- 
sorbed water or the specimen, and small change in 
weight means high water rept.llency. 



hours, a transparent homogeneous precursor -solution 
was obtained. Several droplets of the precursor solution 
were placed on a surface of a glass plate, and the glass 
plate was rotated at 2000 rpm for 1 0 seconds to form a 
5 film on the glass plate surface. By the X-ray diffractom- 
etry, the film obtained was found to have a structure of 
periodic arrangement having a spacing of 3.5 nm. 
[0069] By the x-ray diffractometry, further, the film 
was found to retain a structure of periodic arrangement 
io having a spacing of 2.9 nm even after drying and then 
calcining at 400°C, and it was confirmed from a section- 
aj photograph of the film that the pores had a hexagonal 
arrangement structure. As a result of measurement of 
a film thickness by at ilm thickness meter, the film proved 
is to have a uniform thickness of 0.2 urn. In the moisture 
adsorption lest of the film, the weight change was sub- 
stantially 0 % by weight, and this film proved to be a 
porous film having high water repellency. 
[0070] Then, the porous film was saturated with water 
£o and allowed to adsorb water In a humidifier at 40 D C for 
24 hours, followed by heating under vacuum. The 
amount of water liberated by the heating under vacuum 
was analyzed by a quadrupole mass spectrometer (re- 
ferred to as a "Q-mass" hereinafter). As a result, water 
25 liberation was not observed, end from this, It was con- 
firmed that water was not substantially adsorbed inside 
the film pores. 



Comparative Example 1 



Example 1 

[006&J Totraothoxysilanc (7i)g), tricthoxyf luorosilanc 
(0.3 g) and 1-propanoi (17 ml) were mixed and stirred. 
To the mixture, 0.4 ml of 1N hydrochloric acid and 2.0 
ml Of water were added, folmwed by further stirring. 
Then, 9.0 ml «f 2-butanol was added, and the mixrure 
was mixed wlrh a solution of 0 95 g of cetyltrimethylam- 
monium chforide in 4.5 ml of water. After stirring for 2 



[0071] Afilm was formed on a glass plate in the same 
manner as in Example 1 , except that triethoxyfluorosi- 
lane was not added. By the X^ray diffractometry, the film 
was found to have a structure of periodic arrangement 
& having a spacing of 2.8 nm after calcining at400°C, and 
it was confirmed from a sectional photograph of the film 
that the pores had a hexagonal arrangement structure. 
In the moisture adsorption test of the film, the weight 
gradually Increased, and a weight change of 8 % by 
weight was observed after the completion of 20 times of 
the operations. From this result, it was confirmed that 
the film had poor water repellency and water was ad- 
sorbed by the film. 

[0072] Then, the porous film was saturated with water 
45 and allowed to adsorb water in a humidifier at 40°C for 
24 hours, followed by heating under vacuum. The 
amount of water liberated by the healing under vacuum 
was analyzed by a Q-mass, As a result, water liberation 
was great, and from this, it was confirmed thai water was 
so adsorbed Inside the film pores. 

Example 2 

[0073] A precursor solution prepared in the same 
ss manner as in Example 1 was subjected to spray drying 
to obtain a dry powder. By the X-ray diffractometry, the 
powder obtained was found ro have a periodic hexago- 
nal arrangement structure having a spacing of 3.5 nm. 
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By the X-ray drfiractomeuy. further, the powder was 
found to retain a periodic hexagonal structure having a 
spacing of 2,8 nm even aiier drying and then calcining 
at 400°C. Moreover, it iva.- confirmed by the elemental 
analysis that fluorine atom:; were present in the powder 
In amounts of 1 .04 % by weight and the amounts of so- 
dium atoms were below thi: limit of detection (below 1 o 
ppb). In the moisture adsorption test of the powder, the 
weight change was substantially 0 % by weight, and this 
powder proved to be porous silica having high water re- 
pellency, 

[0074] Then, the powder was saturated with water 
and allowed to adsorb wat<_-r in a humidifier at 40*C for 
24 hours, followed by hearing under vacuum. The 
amount of water liberated by the heating of the powder 
under vacuum was analyzed by a Chmass. As a result, 
water liberation was not observed, and from this, it was 
confirmed thai water was ntt substantially adsorbed in- 
side Ihe powder pores. 

Comparative Exampb 2 

[0075] Into a solution of :\16 g of Bodium hydroxide 
in BO g of water, S g of silica was introduced, and they 
were stirred at 80°C for 2 hours. To the solution, 1 8.2 g 
of cetyltrrmethylarnmonium bromide was added, fol- 
lowed by stirring at room temperature for 1 hour. To the 
solution, a solution of 0.68 g of 40 wt% hydrofluoric acid 
In 90 g of water was further added. The mixture was 
stirred at room temperature lor 2 hours and then allowed 
to stand at 1 00 P C for 3 days in an autoclave to prepare 
a powder. The powder was filtered, washed with a large 
amount of water, dried at loo°C for one day and night 
and calcined at 550°C for 1 0 hours In air. By the X-ray 
diffractometry, the powder obtained was found to have 
a periodic hexagonal structure having a spacing of 3.4 
nm. Further, it was confirmed by the elemental analysis 
that fluorine atoms were contained in amounts of 0,68 
% by weight and sodium .-items were contained in 
amounts of 6.0 ppm in the powder. 



of water liberated by the heating under vacuum was an- 
alyzed by a O-mass. As a result, water liberation was 
not observed, and from this, it was confirmed that water 
was not substantially adsorbed inside the film pores. 

Example 4 

[0078] Several droplets of a precursor solution pre- 
pared in tne same manner as in Example 1 were placed 

|0 on a surface of an acetyl cellulose film, and the acetyf 
cellulose film was rotated at 2000 rpm for 10 seconds 
to form a film on the acetyl cellulose film surface. After 
drying at room temperature, the acetyl cellulose film was 
dissolved with methyl acetate to obtain a transparent 

15 self-supporting film. By the X-ray dirrractomeiry, the self- 
supporting film obtained was found to have the same 
structure as that of Example 1 . 



so 



Example 5 



[0079] A film was formed in the same manner as in 
Example 1 , except that the amount of cetyltrlmethyJam- 
monium chloride was changed to 1 ,75 g from 0.95 g. By 
the X-ray diffractomotry, the film obtained was found to 
25 have a periodic cubic structure. In the moisture adsorp- 
tion test of the film, the weight change was substantially 
0 % by weight, and this film proved to be a porous film 
having high water repelleney. 

[0080] Then, the film was saturated with water and al- 
so lowed to adsorb water in a humidifier at 40*C for 24 
hours, followed by heating under vacuum. The amount 
of water liberated by the heating under vacuum was an- 
alyzed by a Q-mass. As a result, water liberation was 
not observed, and from this, it was confirmed that water 
& was not substantially adsorbed Inside the film pores. 

Example 6 



Example 3 

[0076] A film formed in the same manner as in Exam- 
pi© 1 was dried, and then extr .iction of the suriaca active 
agent was carried out using nn ethanof solvent. By the 
X-ray diffraclomelry, the film obtained was round to re- 
tain a structure of periodic ai rangement having a spac- 
ing of 3,8 nm after the extraction, similarly to Example 
1 . As a result of measurement of a film thickness by a 
film thickness meter, the fflm proved to have a uniform 
thickness of 0.2 ^m. In the moisture adsorption test of 
the film, the weight change was substantially 0 % by 
weight, and this film proved i» be a porous film having 
high water repelleney, 

[0077] Then, the film was saturated with water and al- 
lowed to adsorb water in a humidifier at 40*C for 24 
hours, followed by heating under vacuum. The amount 



[0081] A film was formed in the same manner as In 
Example 1 r except that the amount of eetyltrimethylam- 
monium chloride was changed to 0,75 g from 0.95 g. 
Although a regular structure was not confirmed by the 
X-ray diffractometry, it was confirmed from a sectional 
photograph of the film that the film had a structure of 
<* worm-like arrangement. In the moisture adsorption test 
of the film, the weight change was substantially 0 % oy 
weight, and this film proved lo be a porous film having 
high water repellency, 

[0082] Then, the film was saturated with water and al- 
so lowed to adsorb water in a humidifier at 40' C for 24 
hours, lollowed by heating under vacuum. The amount 
of wator liberated by the hoating under vacuum was an- 
alyzed by a Q-mass. As a result, water liberation was 
not observed, and from this, it was-confirmed that water 
ss was not substantially adsorbed inside the film pores. 



PAGE 10/53 * RCVD AT 1/24/2006 1 1:02:44 AM [Eastern Standard Time] * SVR:USPTO-EFXRF-6/31 * DNIS:273830D * CSID:4048817777 * DURATION (mm«s):15-24 



Jan-24-2006 11:07am Frora-ALSTON AND BIRD 4048817777 T-842 P. 011/053 F-641 



13 



EP 1 205 438 A1 



14 



Example 7 

[0083] Tetraethoxysilane (10,0 g). triethoxyfluorosf- 
lane (0.5 g) and ethanol (5b ml) were mixed and stirred. 
To the mixture, 1 .0 ml of 1N hydrochloric acid and 10,0 
ml of water were added, followed by further stirring for 
1 hour Then, the mixture was mixed with a solution of 
2.B g of a poly(flfkyiena oxidn) block copolymer (Pluronic 
P1 23, available from BASF 

HO(CH 2 CH 2 0)2o{CH 2 CH(CH3)0) 70 (CH 2 CH 2 0) 20 H) in 
60 ml of ethanol. After stirring for 2 hours, a transparent 
homogeneous precursorsoiution was obtained. Several 
droplets of the precursor solution were placed on a sur- 
face of a glass plate, and the* glass plate was rotated at 
2000 rpm for 1 0 seconds toiormafiim on the glass plate 
surface. By the X-ray diffrsictometry, the film obtained 
was found to have a structure of periodic arrangement 
having a spacing of 5.4 nm. 3y the X-ray diffractometry, 
further, ihe film was found to ■ eialn a structure of periodic 
arrangement having a spacing of 5.0 nm even after dry- 
ing and then calcining at 41)0*0, and it was confirmed 
from a sectional photograph of the film that the pores 
had a hexagonal arrangeme nt structure. As a result of 
measurement of a film thickness by a film thickness me- 
ter, the film proved to have a uniform thickness of 0.1 
jum. In the moisture adsorptiuatest of the film, the weight 
change was substantially 0 % by weight, and this film 
proved to be a porous film hhving high water repellency. 
[0D84] Then, the porous fill n was saturated with water 
and allowed to adsorb wate; in a humidifier at 40°C for 
24 hours, followed by hentlng under vacuum. The 
amount of water liberated by the heating under vacuum 
was analyzed by a Q-mass. As a result, watar liberation 
was not observed, and from this, It was confirmed that 
water was not substantially adsorbed inside trie film 
pores. 



Comparative Example 3 

[0085] A film was formed on a glass plate in the same 
manner as in Example 7, except that triethoxyfiuorosf- 
lane was not added. By the X-ray diffractometry, the film 
was found to have a structure of periodic arrangement, 
and It was confirmed from a sectional photograph of the 
fUm that the pores had a hexagonal arrangement struc- 
ture, in ihe mofsture adsorption test of the film, the 
weight gradually increased, nnd a weight change of 9 
% by weight was observed rifter the completion of 20 
times of the operations. From this resurt, it was con- 
firmed that the film hadpoorwaterrepeilency and water 
was adsorbed by the film. 

[0086] Then , the porous filn i was saturated with water 
and allowed to adsorb watar in a humidifier at 40°C for 
24 hours, followed by heaimg under vacuum. The 
amount of water liberated by ine heating under vacuum 
was analysed by a Q-mass. A> a result, water liberation 
was great, and from this, it wat. confirmed that water was 
adsorbed fnside the film poret>. 



Example B 

[0O&7] A precursor solution prepared in the same 
manner as in Example 7 was subjected to spray drying 
* to obtain a dry powder. By the X-ray diffractometry, the 
powder obtained was found to have a structure of peri- 
odic arrangement having a spacing of 5.3 nm. By the X- 
ray drfTractometry, further, the powder was found to re- 
tain a periodic hexagonal structure having a spacing of 
10 4,9 nm even after drying and then calcining at 400 P C. 
Moreover, It was confirmed by the elemental analysis 
that fluorine atoms were present irr the powder in 
amounts of 1 .36 % by weight and the amounts of sodium 
atoms were below the limit of detection (below 10 ppb). 

Example 9 

[0088] A film formed In the same manner as In Exam- 
ple 7 was dried, andihen exiractionof the surFace active 
20 agent was carried out using an ethanol solvent. By the 
X-ray diffractometry, the film obtained was found to re- 
tain a structure of periodic arrangement having a spac- 
ing of 5.4 nm after the extraction, similarly to Example 
7. As a result of measurement of a film thickness by a 
2* film thickness meter, the film proved to have a uniform 
thickness of 0.1 urn. In the moisture adsorption test of 
the film, the weight change was substantially 0 % by 
weight, and this film proved to be a porous film having 
high watar repellency. 
so [0089] "men, the film was saturated with water and al- 
lowed to adsorb water in a humidifier at 40°C for 24 
hours, followed by heating under vacuum. The amount 
of water liberated by the heating under vacuum was an- 
alyzed by a Q-mass. As a result, water liberation was 
3? not observed, and from this, it was confirmed that water 
was not substantially adsorbed insjd© the film pores. 

Example 10 

<to [0090 J Several droplets of a precursor solution pre- 
pared in the same manner as in Example 7 were placed 
on a surface of an acetyl cellulose film, and the acetyl 
cellulose film was rotated at 2000 rpm for 10 seconds 
to form a film on the acetyl cellulose film surface. After 

* s drying at room temperature, the acetyl cellulose film was 
dissolved with methyl acetate to obtain a transparent 
seir-supporUng film. By the X-ray diffractometry, the self- 
supporting film obtained was found to have the same 
structure as that of Example 7. 

50 

Example 11 

[0091] Several droplets of a precursor solution pre- 
pared in the same manner as in Example 1 were pJaeed 
55 on a low-resistance p type -silicon wafer for dielectric 
constant measurement, and the silicon water was rotat- 
ed at 2000 rpm for 10 seconds to form a film. By the X- 
ray d/ffractometry. the film was found to retain a struc- 
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ture of periodic arrangement having a spacing of 2.9 nm 
after calcining at 400°C, and it was confirmed from a 
sectional photograph of the film that the pores had a 
hexagonal arrangement structure. 
[0092] Then;front and bnck surface electrodes were 
formed by deposition, anu a dielectric constant was 
measured in a nitrogen atmosphere under the condition 
of a frequency of 1 MHz. At a result, the mean dielectric 
constant was 2.4 in the 10point measuring method. 

Comparative Example 4 

[O0d3] A dielectric constai nt of a porous silica film ob- 
tained in the same manner dS in Comparative Example 
1 was measured. The me£»surement was made in the 
same manner as rn Examplo 1 1 . As a result the dielec- 
tric constant was 3.5. 



Example 12 

[0094] Several droplets of a precursor solution pre- 
pared in the same manner &h In Example 1 were placed 
on a surface of a silicon wjifer of a transistor provided 
with a source/drain region and a gato oloctrodo, and the 
transistor was rotated at 2O00 rpm for 10 seconds to 
coat the silicon wafer with the precursor solution. There- 
after, the coating film was heated at 400°C for 1 hour in 
a nitrogen atmosphere to ohtain a layer insulation film. 
A sectional photograph of trie layer Insulation film was 
observed, and as a result, it was confirmed that the layer 
insulation film was a porous silica film having a spacing 
of about 3 nm and having pores with a periodic hexag- 
onal arrangement structure. 

EFFECT OF THE INVENTIO N 

[0095] A water-repellent porous silica having uniform 
pores, that is applicable to a light functional material or 
an electron functional mateiial, and a process for pre- 
paring the water-repellent pci ous sifica can be provided 
by the present invention. 

[0096] The water-repelleni porous silica fflm accord- 
ing to the present invention can retain a periodic struc- 
ture of pores by virtue of its water repeltency, and as a 
result, the dielectric constant can be towered. Therefore, 
the water-repellent porous s.fica film is favorable as a 
layer Insulation Him. 

INDUSTRIAL APPLICAB1LH Y 

[0097] The water-repellent porous silica film of the in- 
vention can retain a periodic r.rructure of poros by virtue 
of Its water repellency, and hus an alkali metal content 
of not more than 10 ppb. Hence, the Water-re perient po- 
rous silica film is applicable to a catalyst carrier, an ad- 
sorbent, a light functional malarial, an eJedron function- 
al material and the like. Moreci ver, by virtue of The water 
repellency, the dielectric constant can be lowered, so 
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that the water-repellent porous silica film is particularly 
useful as a layer insulation film of a semiconductor or 
the like. 



Claims 

1 . Water-repellent porous silica having uniform pores, 
which contains fluorine atoms fixed in the silica skel- 
eton through covalent bonds and has an alkali metal 
content of not more than 1 0 ppb. 

2. The water-repellent porous silica as claimed in 
claim 1 f wherein the fluorine content in the silica 
skeleton is in the range of 0.3 to 15.0 %by weight. 

3. The water-repellent porous silica as claimed In 
claim 1 or 2, which has pores having a mean pore 
sl^e of 1 .3 lo 1 0 nm and has a periodic crysLal struc- 
ture of hexagonal system when examined by X-ray 
diffractometry. 

4. The water-repellent porous silica as claimed In 
claim 1 or 2, which has pores having a mean pore 
size of 1 .3 to 1 0 nm and has a crystal structure of 
irregular arrangement. 

5. A procass for preparing the water-repellent porous 
silica of any one of claims 1 to 4, comprising the 
steps of partlalry hydroiyzlng a fluorine-containing 
triafkoxysllane represented by the following formula 
and atetraalkoxysilane under acidic condition, then 
drying a solution resulting from the hydrolysis and 
mixed with a surface active agent, and performing 
calcining or extraction; 

(ZO) 3 SrR 

wherein Z is methyl, ethyl, n-propyl, l-propyl, n- 
butyl, t-butyl, ]-butyl or sec-butyl, and R is a fluorine 
atom, (CH 2 ) a (CF 2 ) b (0(CF 2 ) c ) <t X {X is a fluorine at- 
om, OCF 3l OCF(CF 3 ) 2 , OC(CF 3 ) 3 , an alkyl group 
or a phenyl group, a is a number of o to 3, b Is a 
number of 0 to 3, c is a number of 1 to 3, and d is a 
number of 0 to 3) or 0 G H e F t5HS) (e is a number of 0 
lo 4). 

i. The process for preparing the water- repellent po- 
rous silica as claimed in claim 5, wherein the solu- 
tion is dried by spray drying. 

7, The process for preparing the water-repollent po- 
rous silica as cfalmed in claim 5 or e r wherein the 
fluorine-containing trialkoxysilane is triethoxyfluor- 
osilfine. ^ 

8. The process for preparing the water-repellent po- 
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rous silica as claimed in claim 5 or 6, wnerein the 
tetraalkoxysllane is tetraethoxysllane. 

9. The process for preparing the water-repellent po- 
rous silica as claimed in claim 5 or 6. wherein the s 
molar railo of the fluorine-containing trialkoxysilane 
to thetetraalkoxysilane is in the range of 0.01 to 1 .2, 



10. The process for preparing the water-repellent po- 
rous silica as claimed m claim 5 or 6, wherein the 
number of moles of tho surface active agent is in 
the range of Q.O03 to 1 hrnethesurn of the numbers 
of moles of the fluorine-containing trialkoxysilane 
and theietraalkoxysilane. 

11. The process for preparing the waier-repeileni po- 
rous silica as claimed m claim 5 or 6. wherein the 
surface active agent is an alkylammonlum salt rep- 
resented by the following formula: 



15 



17. The precursor solution for forming water-repellent 
porous silica as claimed In claim 16, wherein the 
molar ratio of the fluorine-containing trialkoxysilane 
to theietraalkoxysilane is in the range of 0.01 to 1 .2. 

18. The precursor solution for forming water-repellent 
porous silica as claimed in claim 16, wherein the 
number of moles of the surface active agent is in 
the range of 0.003 to 1 time the sum of the numbers 
of moles of the fluorine-containing trialkoxysilane 
and the tetraalkoxysjlane. 

19. The precursor solution for forming water-repellent 
porous silica as claimed in daim 16, wherein the 
surface active agent is an alkylammonlum salt rep- 
resented by the following formula: 

C„H 2ft+1 N<CH 3 ) 3 X 



^H^ ,N(CH 3 ) 3 X 

whcroin n is an integer »f 8 to 24, and X is a halido 
ion, HSO4- or an organic anion. ss 

12. The process for preparing the water-repellent po- 
rous silica as claimed in claim 5 or 6, wherein the 
surface active agent is h compound having a poly- 
alkyiene oxide structure so 

13. A film comprising the water-repellent porous silica 
of any one of claims 1 to 4. 

14. The film as claimed in daim 13, which has a thick- js 
ness of 0.01 ;im to 2.0 mm. 

15. A layer insulation film comprising the film of claim 
13 or 14. 



16. A precursor solution for forming water-repellent po- 
rous silica, which is obtained by partially hydrory*- 
ing a fluorine-contalninn trialkoxysilane represent- 
ed by the tallowing formula and a tetraalkoxysllane 
under acidic condition and then mixing the resulting 
hydrolysis solution with h surface active agent; 



wherein n is an integer of 8 to 54, and X is a halide 
ion, HS0 4 - or an organic anion. 

20. Tho precursor solution for forming watcr-rcpcllont 
porous silica as claimed in claim 16, wherein the 
surface active agent Is a compound having a poly- 
alky I ene oxide structure. 



40 



45 



(ZO) 3 SiR 

so 

wherein Z is methyl, eihyl, n-propyl, i-propyl, n- 
butyl, t-butyl, i-butyi orsuc-butyl, and R is a fluorine 
atom, (CHaJaJCFgyOfCiy^X (X is a fluorine at- 
om, OCF3, CCF(CF 3 ) 2 , OC(CF 3 ) 3 , an alky* group 
or a phenyl group, a is h number of 0 to 3, b is a 55 
number of 0 to 3, c Js a number of 1 to 3 , and d is a 
number of 0 to 3) or Ctfi* p ts*\ ( B i& a number of 0 
to 4), 
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